Immunoactive ionic liquids (2-hydroxyethyl) ammonium 1-R-indol-3-ylsulfanyl-acetates HN
Introduction
Over the last decade, the synthesis and investigation of biologically active ionic liquids (ILs) is progressing intensively. Of great research and practical importance are the so-called third generation ILs, which are also known as the biologically active generation [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, among these ILs, there are no immunoactive ones, which makes for promising materials in drug design.
2-Hydroxyalkylammonium salts of aryloxy(sulfanyl) (sulfonyl)acetic acids, HN + R 1 R 2 (CH 2 CHR 3 OH) 3 -n • -O(O) CCH 2 (O)(S)(SO 2 )Ar; R 1 , R 2 , R 3 = H, Alk; n = 0-2, which we have synthesized previously [11] [12] , represent protic alkanolammonium ionic liquids (PAILs). Being low-toxicity (LD 50 = 1300-6000 mg kg -1 ), these compounds exert high and diverse biological activities such as antiinflammatory, antithrombotic, antioxidant, adaptogenic, and hypocholesterolemic properties [11] . They are also highly efficient growth-stimulating agents for biotechnological processes [12] . Indole derivatives are important structural units of many biologically active natural compounds and pharmaceuticals. However, indole-containing PAILs were still not studied as immunoactive substances.
The present work entails the synthesis of tris-(2-hydroxyethyl)ammonium indol-3-ylsulfanylacetat 1 and its analogues 2-5 (earlier we made preliminary study of methods of synthesis and immunoactivity compounds of 2-5 [13] ), the study of crystal and molecular structure 1 and evaluation of immunomodulating properties of compounds 1-5. N) in d4-methanol with TMS as internal standard at 25°С. Reflections were collected using a STOE Imaging Plate Diffraction System (IPDS-II) at 210 K. The structure was solved by direct methods as implemented in the program SHELXS-97 [14] . The refinement was carried out using SHELXL-2013 [15] . All the non-hydrogen atoms were refined anisotropically. The hydrogen atoms were located from the difference Fourier map and refined isotropically. For visualization, the program DIAMOND [16] Indol-3-ylsulfanylacetic and 1-benzylindol-3-ylsulfanylacetic acids were prepared according to protocol [17] , constants of the acids were in agreement with literature data.
Tris-(2-hydroxyethyl)ammonium indol-3-ylsulfanylacetate (1) .
Methanol solution (75 mL) of indol-3-ylsulfanylacetic acid (20.72 g, 0.1 mol) and tris-(2-hydroxyethyl)amine (14.92 g, 0.1 mol) were stirred and heated up to 50 о С for 15 min. The cooled reaction mixture was added dropwise to 250 mL dry diethyl ether (stirring). The residue was filtered off and dried over P 2 O 5 The crystalline structure of 1 was investigated using X-ray diffraction analysis. Crystals suitable for X-ray diffraction were obtained by recrystallization of compound 1 from methanol (20 o C).
2.2
Results of preliminary screening of anti-proliferative activity of compounds 2-5 were shown in [13] . To expand this study we examined the immunodeppressive action of compounds 1-5 in a consistent approach and their toxicity. Screening of the immunoactive properties of compounds 1-5 was carried out in the culture in vitro. The ability of these compounds to affect the spontaneous and mitogen-stimulated proliferation of splenocytes in mice was estimated. Healthy pubescent mice, viz., hybrids (CBAхC57BL/6)F1 (CBF1), both male and female, 8-10 weeks age, with body weight of 18-20 g were used. The scatter in groups by the initial weight of the body did not exceed ±10%. Reference and tested animals of the same age were obtained simultaneously from one breeding nursery. Before and during experiments, the reference and tested animals were contained in a vivarium on a standard food allowance. All tests were carried out at the same time (in the morning). Spleen cells in mice were cultured in round bottom trays for immunologic reaction (Linbro) at 37 о С under СО 2 (5%) and air (95%) atmosphere. The absolute number of cells introduced into a well was 200 000. The cells were stimulated by mitogens, namely concanavalin A (Con A, Sigma). The mitogen concentration was selected by preliminary titration and used in the optimal dose, being for Con A 2 µg mL -1 . The compounds in three doses (3, 30 , and 300 µg mL -1 ) were introduced into wells simultaneously with mitogens. The proliferative activity of the cells was estimated by the inclusion of Н3-thymidine into DNA of dividing cells.
A label was introduced 16 h before the end of cultivation; an amount of 1 µCi into each well of the tray. For this purpose, the basic solution of Н3-thymidine was first dissolved in RPMI-1640 medium to a concentration of 100 µCi mL -1 , and then 10 µL of the solution was added to each well of the tray. After the end of incubation, the cells were collected on glass fiber filters (Flow Lab) using a Harvester apparatus ("Titertek"). The filters were dried and placed into vials for scintillation counting; radioactivity was counted in a toluene scintillator (4 g of diphenyloxazole, 0.1 g of diphenyloxazolylbenzene per 1 liter of toluene) in a Delta liquid scintillation counter (USA). The results were expressed in pulse min Crystal and experimental data of 1 are summarized in Table 1 . The molecular structure with the atom-labeling scheme is given in Fig. 1 . The packing diagram is shown in Fig. 2 . Selected bond lengths (Å), bond angles (°) as well as torsion angles (°) are listed in Table 2 , and hydrogen bonds in Table 3 . The bond lengths and angles are in the expected ranges. Trifurcated hydrogen bonds can be observed in the HN + (CH 2 CH 2 OH) 3 cation between H2 and the oxygen atoms of the hydroxyl groups. Cations and anions are linked via strong hydrogen bonds between the carboxylate oxygen atoms and two hydroxyl oxygen atoms (O3 and O4). Additionally, H bonds are formed between the carboxylate oxygen atoms and that oxygen atom (O5) that is still not involved, and to the nitrogen atom of the indole ring system. These intermolecular hydrogen bonds form a chain structure along the crystallographic a axis.
For symmetry operators see legend of Fig. 2 . Toxicity of compounds 1-5, determined on scrum mice using intraperitoneal introduction, was LD 50 = 1300-3000 mg kg -1 . Immunoactive properties of compounds 1-5 were screened. For example, the ability to impact on spontaneous and mitogen-stimulated (Con A, Sigma, 2 µg mL -1 ) proliferation of splenocytes in mice in vitro in the dosage of 3-300 µg mL -1 were evaluated. The test showed compounds 1-5 as having immunoactive properties of varying severity (Table 4) . Tris-(2-hydroxyethyl)amine derivatives 1 and 4 were found to possess the most pronounced antiproliferative properties and therefore can be considered as immunodepressants. C1-C2-S1 125.3(2) C7-C2-S1 127.8 (2) N1-C8-C6 130.9(2) N1-C8-C7 107.3 (2) C1-N1-C8 109.3(2) C2-S1-C9 100.6(1)
C1-C2-C7-C3 -177.6(2) S1-C2-C7-C3 -1.3(3)
C3-C7-C8-N1 178.1(2) S1-C9-C10-O1 -146.4(2) S1-C9-C10-O2 34.9(3) N2-C11-C12-O3 54.1 (2) N2-C13-C14-O4 52.3(3) N2-C15-C16-O5 53.4(3)
C6-C8-N1-C1 179.6(2) C1-C2-S1-C9 -101.4(2) In preliminary experiments on mice in the experimental model of the autoimmune disease immunocomplex glomerulonephritis, it exhibits a pronounced clinical effect comparable with cyclosporine A and azathioprine. However, unlike the latter, compound 1, 4 do not exert nephrotoxic and hepatotoxic action. The detailed results of these experiments will be published subsequently.
Conclusions
Compound 1 and its analogues 2, 3 were prepared by the reaction of indol-3-yl-sulfanylacetic acid with tris-(2-hydroxyethyl)amine, N-methyl-bis-(2-hydroxyethyl)-amine and N,N-dimethyl-(2-hydroxyethyl)amine, respectively, in 1:1 molar ratio, the yields being 92-99%. Compounds 4, 5 were synthesized by the interaction of 1-benzylindol-3-ylsulfanyl-acetic acid with tris-(2-hydroxyethyl)amine, N-methyl-bis-(2-hydroxyethyl)amine. The structures of compounds 1-5 were proved by IR, 1 H, 13 С, and 15 N NMR techniques and their compositions were confirmed by elemental analysis. The crystal structure of tris-(2-hydroxyethyl)ammonium indol-3-ylsulfanylacetate 1 was established by X-ray diffraction analysis.
Immunoactive properties of compounds 1-5 were investigated. They manifested the high dose-dependent activity relative to the spontaneous and stimulated proliferation of splenocytes. Tris-(2-hydroxyethyl)amine derivatives 1 and 4 were found to possess the most pronounced antiproliferative properties. This fact is probably caused by the compact tricyclic structure of a cation in these compounds that favors the penetration of matter through cell membranes.
Thus, the tests of antiproliferative activity of the new compounds indicate that the search for selective immunomodulators in the series of (2-hydroxyethyl) ammonium 1-R-indol-3-yl-sulfanylacetates is promising.
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